Ballast water treatment systems and retrofitting them on container ships by Chatterjee, Hrishikesh
World Maritime University 
The Maritime Commons: Digital Repository of the World Maritime 
University 
Maritime Safety & Environment Management 
Dissertations Maritime Safety & Environment Management 
8-23-2015 
Ballast water treatment systems and retrofitting them on 
container ships 
Hrishikesh Chatterjee 
Follow this and additional works at: https://commons.wmu.se/msem_dissertations 
 Part of the Public Law and Legal Theory Commons, and the Water Law Commons 
Recommended Citation 
Chatterjee, Hrishikesh, "Ballast water treatment systems and retrofitting them on container ships" (2015). 
Maritime Safety & Environment Management Dissertations. 137. 
https://commons.wmu.se/msem_dissertations/137 
This Dissertation is brought to you courtesy of Maritime Commons. Open Access items may be downloaded for 
non-commercial, fair use academic purposes. No items may be hosted on another server or web site without 





WORLD MARITIME UNIVERSITY 
Dalian, China 
 
BALLAST WATER TREATMENT SYSTEMS 






REPUBLIC OF INDIA 
 
A research paper submitted to the World Maritime University in partial fulfillment 
of the requirements for the award of the degree of 
 
MASTER OF SCIENCE 
 





Copyright Hrishikesh Chatterjee, 2015
DECLARATION 
 
I certify that all the material in this research paper that is not my own work has been 
identified and that no material is included for which a degree has previously been 
conferred on me. 
The contents of this research paper reflect my own personal views, and are not 
necessarily endorsed by the University. 
 
 
Signature: ……Hrishikesh Chatterjee….. 
Date: ………....July 3rd 2015…….. 
Supervised by:   Dr. Dang Kun 











This dissertation was prepared as mandatory part of my Master degree course in 
Maritime Safety and Environmental Management (MSEM-2015) jointly held by WMU 
and DMU outreach program at Dalian. I would like to acknowledge and extend my 
heartfelt gratitude to the following: 
I am sincerely grateful to World Maritime University and Dalian Maritime University 
for giving me the opportunity to study in MSEM 2015.  
I am profoundly thankful to my supervisor Prof. Dang Kun, Associate Professor of 
Marine Engineering Department-DMU, for guiding me through this work and providing 
me with his valuable advice on the subject matter.  
On the same note I would like to thank Seaspan Ship Management Ltd, Ms Megan 
McCann- Environment researcher and Mr. Freddy Pavri- Procurement/Technical head 
for their ever grateful support at each step of my sea career and during the dissertation’s 
research period. 
I sincerely appreciate all my batch-mates at DMU and the Staff of Dalian Maritime 
University (DMU), for their ever willing support and care for me throughout my stay at 
Dalian. 
Special thanks to Mr. Rahul Kumar who has been a guide, mentor and a great friend. My 
source of confidence and that's what true friends are. 
iii 
 
Last but not least, I am grateful to my family which includes my beloved parents, in-
laws who are always encouraging me by offering their full support & blessings and my 
dearest wife Rajashree, who has always taken care of me and has been my source of 
inspiration to not stop until it’s done. It would not have been possible without her 




Title: BALLAST WATER TREATMENT SYSTEMS & RETROFITTING THEM ON 
CONTAINER SHIPS  
Degree:  Master of Science (M.Sc) 
This Master degree dissertation is a study to create a decision support mechanism from a 
container shipowner’s perspective on choosing and retrofitting a BWMS by 
understanding the technical, operational, regulatory and commercial concepts associated 
with the BWMS.  
The motive to develop such a mechanism is driven by the present day situation where 
many shipowners are in a great dilemma with not just the implementation of BWM 
Convention after it achieves the threshold tonnage percentage ratification but also from 
the USCG Ballast Water regulations as per “final rule” which is already into force since 
2012. The major concern is over no USCG type approved system available in the market 
which might lead to a situation of a shipowner investing millions of dollars on a BWMS 
so as to comply with the BWM Convention at one end and on the other it’s not USCG 
type approved leading to replacement of the system.  
A brief overview of BWM Convention and associated topics such as different treatment 
methods are covered to support the operational understanding. Comparison is made 
between IMO’s and USCG’s BWMS type approval regime to provide an outlook on the 
regulatory aspect. Most important concern from a shipowner’s perspective is investment 
cost on such system. Therefore to give a better understanding on the topic, different 
factors governing the systems life cycle cost are analyzed by using primary data 
collected from an online survey posted across to selective BWMS manufacturers and 
shipowners. The complex issues and steps involved in retrofitting such system onboard 
existing ships are covered so as to give a holistic approach to support the conclusions 
with suggestions made thereafter.  
KEY WORDS- BWM Convention, IMO, USCG, Type Approval, Shipowner
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CHAPTER 1: INRODUCTION 
1.1 Ballast Water Convention- An initiative of IMO to provide Global Bio-security  
Environment and shipping activities are closely related solely because the economic 
activity on which shipping industry thrives is operating in the marine environment. Due 
to shipping activities many times externalities are created which are best explained in 
the context of environment economics. The externalities are economic phenomenon in 
which there is a loss or gain for one or more parties due to the behavior of the other 
party. The loss incurred to a party will be termed as negative externality and the gain is 
termed as positive externality. The effect of ship’s ballast water 1taken from one port 
and discharged in coastal region of another remote location leads to ships acting as a 
major vector in the transfer of Aquatic Invasive Species (AIS) which leads to damage of 
the local eco system due to reduction of biodiversity. This creates a negative externality 
leading to economic loss to many who are not even related to the shipping activity such 
as fisheries, agricultures, tourism, etc. 
The transfer of invasive species is greatly impacting the world bio security2 and IMO is 
at the forefront in resolving the issue with its responsibility to create ships regulations 
concerning safety, security and pollution prevention. IMO in the year 2000 initiated a 
                                                            
1 Ballast Water as defined in Article 1 of the convention means water with its suspended matter taken on 




2  The GloBallast e-learning module -1 details on bio securityhttp://globallastlearning.com/login/index.php 
project named Global Ballast Water Management Programme in short Glo-Ballast 
Programme (GBP). There after IMO adopted the BWM Convention in 2004 and is      
actively discussing the issue in its MEPC meetings with a dedicated ballast water 
working group (GESAMP-BWWG) to get the Convention into force. The BWM 
Convention aims in preventing and controlling the transfer of invasive organisms as well 
as pathogens through ships ballast water and sediments. 
 
1.2 Aim and Objectives of the Dissertation 
The aim of this dissertation is to develop a decision support mechanism from a container 
shipowner’s3 perspective for selecting a BWMS 4on new and existing container ships. 
To support the aim the conclusions from the objectives set out in the dissertation are 
used. 
The objectives are: 
a) Identify opportunities & challenges in BWMS for a container ship; 
b) Identify the regulatory impacts on BWMS; 
c) Life cycle cost analysis of few selected BWMS; 
d) Identify challenges & opportunities in retrofitting such BWMS on container ships; 
                                                            
3 Shipowner in this dissertation means the owner of the ship or another organization or person, such as the 
manager, agent or bareboat charterer, who has assumed the responsibility for the operation of the ship 
from the owner and who, on assuming such responsibility, has agreed to take over the duties and 
responsibilities imposed on shipowners in accordance with BWM Convention,2004, regardless of whether 
any other organization or persons fulfill certain of the duties or responsibilities on behalf of the shipowner. 
‐ 2 ‐ 
 
4 Ballast Water Management System (BWMS) means any system which processes ballast water such that 
it meets or exceeds the ballast water performance standard in regulation D-2. The BWMS includes ballast 
water treatment equipment, all associated control equipment, monitoring equipment and sampling 
facilities (IMO, 2008a). 
1.3 Methodology  
Ballast Water Management5 involves multi disciplinary fields of understanding however 
the focus of this dissertation has been put on the technical, regulatory, operational and 
commercial aspects only. 
The qualitative approach for the research methodology was taken for this dissertation 
using the techniques and method as mentioned in ‘Research Methodology- Methods and 
Techniques’ by author C.R Kothari (Kothari, 2004, pp. 1-22). Methods such as personal 
interview, opinions and online survey were used for collecting primary data (Kothari, 
2004, pp. 17). 
The research work for this dissertation in chapter 2, 3 and 5 are based on wide range of 
literature review such as IMO documents, international conventions, journals and 
information on websites. IMO GloBallast E-module was reviewed to get up to date 
knowledge of BWM Convention. 
Also Lloyds Register Marine organized online webinar was attended with Q&A session 
to get the latest ideas on MEPC 68 outcomes (LR, 2015). Opinions and advices of the 
supervisors Prof. Dang Kun (DMU) were exchanged all through the research work. 
Chapter 4 involved data collection from a self created online survey (Appendix 1) and 
this data acted as a primary resource to support the life cycle cost analysis. This survey 
was put across to a selected range of audiences mostly manufacturers and shipowner’s 
representatives who have considerable experience in the fields of BWMS installation 
and retrofitting. 
                                                            
5  Ballast Water Management (BWM) means mechanical, physical, chemical, and biological Processes, either 
singularly or in combination, to remove, render harmless, or avoid the uptake or discharge of Harmful Aquatic 




 1.4      Limitations  
BWMS is a very broad topic involving many different types of systems. Different 
methods employed are given a cursory introduction. However few of the most 
commonly used methods are selected and then analyzed for the purpose of the research, 
especially for life cycle cost analysis and retrofitting. 
The self created online survey used in Chapter 4 as a primary data source has a small 
sample size hence the data is only good for preliminary studies. For in-depth research, a 
detailed study would have to be made covering larger number of participants. 
 
1.5      Structure of the Dissertation 
 




To facilitate the understanding and to achieve the aim of the dissertation which is to 
develop a decision support mechanism from a shipowners perspective on selecting a 
‐ 5 ‐ 
 
BWMS on a new and existing container ship, this report is divided into six chapters as 
illustrated in Figure 1-1. 
Chapter 2 unfolds the research work in the main domain of the Ballast Water 
Management Convention. The purpose is to identify the opportunities, challenges and 
innovative solutions with respect to BWMS for a container ship. 
Chapter 3 provides introduction to the regulatory aspects governing BWMS. IMO and 
USCG regulations are discussed in details.  
Chapter 4 provides a life cycle cost analysis for selected BWMS and factors associated 
with it. The economic aspect of the BMWS life cycle is analyzed using the primary data 
obtained from a self generated online survey. Details of survey with assumptions made 
are described in Appendix: 1.  
Chapter 5 deals with major concerns that shipowners face when retrofitting BWMS 
aboard existing container ships. A brief introduction to the latest support technology and 
innovative retrofitting methods is made. 
Finally Chapter 6 summarizes the conclusions of all the objectives and provides 





CHAPTER 2: OPPORTUNITIES, CHALLENGES AND SOLUTIONS IN 
BALLAST WATER TREATMENTS SYSTEM FOR CONTAINER SHIPS 
2.1     Introductory remarks 
The control of spread of Aquatic Invasive Species (AIS) via ship’s ballast water has 
been gaining importance as it concerns the global bio-security which is essential for 
sustainable maritime development6. From IMO’s perspective there is an urgency to get a 
legally binding international convention in to force. However due to lack of global 
consensus to ratify the BWM Convention,  time has elapsed without the convention 
entering into force. Since IMO adopted the BWM Convention in Feb 2004, the issue of 
ballast water has been a mixed bag of opportunities, challenges and innovative solutions 
to all the key-stakeholders. This chapter shall give a brief outlook on the need for the 
BWM Convention, followed by the key features of the convention and the different 
treatment methods available. The latter part of this section deals with the outlook on 
different factors which must be considered while selecting a BWMS for a container ship. 
Also, novel solutions to BWM that have been developed by thinking outside the box 
have been discussed briefly.  
 
                                                            






2.2     Ballast Water Management Convention overview 
On 9th to 13th Feb 2004, a diplomatic conference was held at IMO’s headquarters where 
the ‘International Convention for the Control and Management of Ship’s Ballast Water 
and Sediments’ was adopted. Also known in short as Ballast Water Management (BWM) 
Convention, which acknowledges that the untreated discharge of ballast water from 
ships has been a cause for the transfer of harmful aquatic organism and pathogens 
(Aquatic Invasive Species) which resulted in damage to the environment, humans and 
property (IMO, 2004a, pp.1). This convention is designed to prevent, minimize, and 
finally eliminate any associated risk with the transfer of AIS caused to humans, 
environment and property through control measures as well as prevent any side effects 
of these control measures. As per article 3 of the convention, this convention applies to 
all ships7 of member parties engaged in international trade which carry ballast water 
with no mention of tonnage (IMO, 2004a, pp. 1-5). However according to regulation E-1 
of the convention all ships of 400 gross tonnage and above are required to be surveyed 
by the Administration or a recognized organization (IMO, 2004a, pp.  25).    
2.2.1     Ballast water 
Ballast has been used in shipping since history dates back for the safe operation of ships. 
Before the 20th century ballast took the form of solid rocks or sand bags. However since 
1880’s onwards sea water started to be used as ballast due to it simply being readily 
available. Also, carrying sea water onboard prevented any instability that may have been 




7 According to this convention, ‘Ship’ means a vessel of any type whatsoever operating in the aquatic 
environment and includes submersibles, floating craft, floating platforms, FSUs and FPSOs (IMO, 2004a, 
pp. 2). 
In present day ballast plays more than just for the safe operation such as it’s used for 
trim optimization for fuel efficient operation of the vessel and thereby assisting in 
energy efficiency (IMO, 2009a, pp. 7). 
2.2.2     Ballast operations   
Ballasting and de-ballasting operations are carried out on vessels with the help of high 
capacity centrifugal pumps, by gravity head of ballast tanks 8 or eductors for stripping 
the ballast tanks. Each method is used depending on the ballast tank water level i.e. 
position of the tank with respect to the vessel’s draft condition or cargo operation 
conditions. 
Mostly ballast related operations are done in ports during cargo loading or unloading to 
keep the vessel stable upright and for even distribution of the weights to prevent undue 
stresses such as bending moment forces acting on the ship’s hull. Prior to departure from 
ports, ballast operations are done to adjust the center of gravity in order to have a 
required Meta-centric height (GM) especially in the case of container ships. Even at sea 
whilst the vessel is underway, it is necessary to carry out ballast operations at times to 
compensate for the fuel consumed. During bunkering 9  ballast operations may be 
required to distribute the forces acting on the ship’s hull. At times vessels conduct 
ballast operations in rough seas.  
 Therefore it is noted that the ballast water could be fresh water, brackish water or purely 
sea water depending on the area where the water has been taken. Coastal waters are 
                                                            
8 A Ballast Water Tank means any tank, hold or space used for the carriage of water with its suspended 
matter taken on board a ship to control trim, list, draught, stability or stresses of the ship (IMO, 2006, pp.2) 
‐ 8 ‐ 
 
9  Bunker is simply the name given to the Fuel that is used to operate ships. Bunkering is the action of 
supplying a ship with bunkers. 
known to support wide range of living organism such as phytoplankton & zooplankton10 
which do not survive in open oceans. Hence when ships take in ballast water they take in 
the local living organism with it ranging from fish eggs, algae, crabs, bacteria, etc.   
Moreover if the ship is in turbid or shallow waters, sediments are also taken in along 
with the sea water which acts as Suspended Particulate Matter (SPM). These living 
creatures are taken in as hitchhikers unknowingly and settle to the bottom of the ballast 
tank during the voyage. Due to the structural design of the ballast tank, they tend to 
settle at the bottom where the ship’s horizontal transverse and longitudinal girders are 
located; an area which is difficult to clean using the ballast exchange process. This 
makes it difficult to remove them during ballast water exchange process. During sea 
voyages manual cleaning of tanks are also practically not possible due to the hazardous 
nature of enclosed spaces11(GloBallast, 2013, pp. 4).  
Survival of organisms in ballast water tanks is difficult due to the hostile nature of the 
environment; vibrations, lack of light and sources of food. But the vessels have become 
bigger and faster over the years with far reaching routes creating better chances for the 
survival of organisms getting transferred to other bio-geography region with the release 
of ballast water during deballasting operations. Under favourable conditions, the release 
of these invasive species can create havoc by destabilizing the local bio-diversity. 
Therefore shipping acts as a major vector 12  in transfer of such invasive species 
(GloBallast, 2013, pp. 4). 
                                                            
10 Phytoplankton "the plants of the sea" and zooplankton which are typically the tiny animals found near the surface in 
aquatic environments. Details from http://marinebio.org/oceans/zooplankton/ 
11 Enclosed space means a space which has any of the following characteristics: limited openings for entry and exit, 
inadequate ventilation and is not designed for continuous worker occupancy; includes, but is not limited to, cargo 
spaces, double bottoms, fuel tanks, ballast tanks, cargo pump-rooms, cargo compressor rooms, cofferdams, chain 
lockers, void spaces, duct keels, inter-barrier spaces, boilers, engine crankcases, engine scavenge air receivers, sewage 
tanks, and adjacent connected spaces. This list is not exhaustive and a list should be produced on a ship-by-ship basis 




12 A vector is a physical means or agent by which a species is transported (Carlton, 2001). 
2.2.3      AIS in Ballast water and Sediments 
It is estimated that 3-5 billion tonnes of ballast water was carried in the year 
2013(GloBallast, 2009, pp. 2) on merchant ships for a total cargo of 9.6 billion tons 
(UNCTAD, 2014, pp. 1).Each cubic meter of ballast water can have up to 50,000 
zooplanktons specimens (GloBallast, 2009, pp. 2). Depending on the local conditions the 
numbers can be even more (Dang K., personal communication, June 20th 2015).  
Every 9 weeks AIS is introduced successfully in the marine environment causing greater 
environment damage than oil spills. The introduction of AIS into new marine eco-
systems has been identified as one of the four greatest threats to the oceans. This clearly 
indicates the seriousness of the issue (ERMA, 2015). 
Few examples of the AIS which got international attention are the Zebra Mussels which 
are originally found in the Caspian Sea and Black Sea and were released in the great 
lakes in North America through the ballast water of ships. These Zebra Mussels soon 
multiplied and invaded the local food chain and greatly affected the construction 
infrastructure underwater. The US government spent 1 billion US$ per decade in order 
to clean these Mussels (Tamelander, Riddering, Haag, Matheickal, 2010, pp. 2). 
In Europe the Chinese mitten crabs (Eriocher sinesis ) were first noted in 1912 in Aller 
river, Germany and since then multiplied in numbers causing heavy loss to the fishery 
industry. They attack the fishing nets and the fishes caught in the nets (Gollasch, 
Rosenthal, 2006). Also the comb jelly (Mnemiopsis leidyi) recently noted which 
originated from east coast of US & Caribbean Sea got introduced to the Black Sea in 
1980’s leading to the reduction in fish catches and causing a financial loss of 500 million 





2.3     IMO’s response to prevent transfer of AIS through ballast water 
History is proof that for any convention to come into force requires an accident or 
environmental damage with visible impact which is effecting social perceptions 
(GloBallast, 2013, pp. 5). Therefore the context in which a Convention is made is 
closely related to its geo-political, economic and social factors.  
AIS in 1988 got its first attention when Canada submitted its report to IMO on the effect 
of invasive species on great lakes through ships ballast water. Shipping is a global 
industry and it requires global initiative to make an impact. In order to counter this 
challenge IMO adopted the BWM convention in 2004 as an initiative to provide Global 
Bio-security from the International Shipping perspective. To be fair it’s been a long wait 
since 1991 when the first guidelines were issued by IMO later updated in 1997 by the 
“Guidelines for the Control & Management of ships Ballast Water to minimize the 
transfer of harmful aquatic organism & pathogens” until 2004 when the BWM 
convention was adopted. This international convention however is still waiting to see the 
light of day when it would come into force as it requires 30 member States representing 
35% of world’s merchant shipping tonnage. Presently 44 States have ratified the 
convention which represents 32.86% tonnage (IMO, 2015, pp. 2). 
‐ 11 ‐ 
 
However the recent trends from the MEPC meeting outcome and over all ratification of 
the convention (last year its self 6 countries ratified) indicate that IMO and its member 
States are progressing with an intent to pragmatically resolve issues to get the 
convention into force sooner rather than later. As Italy and Argentina have declared their 
intent to ratify soon this would increase the tonnage percentage to 34.20%.  Recently 
India, Indonesia, Philippines, Belgium and Finland are in progress of ratification with an 
aggregate total of more than 2 % (BIMCO, 2014). Even the International Chamber of 
Shipping (ICS) which used to actively discourage Flag States to not ratify the 
convention until the convention gained certain practical and technical issues resolved 
has changed its stance after the MEPC 67 meeting outcomes (BIMCO, 2015). 
Seeing the trend in totality seems like it is not too far away that the Convention will get 
its legal mandate by achieving the threshold ratification mark and come into force.  
2.4     Ballast Water Management Convention key features & guidelines 
The BWM Convention is aimed to facilitate the reduction and prevention of transfer of 
AIS through the ballast water. The BWM Convention can be seen as a management tool 
which acts as a barrier in order to manage the risks of transfer of AIS and pathogens 
moreover also ensures no unforeseen side effects from the control measures. 
The BWM Convention comprises of 22 articles and 1 annex which comprises twenty 
four technical regulations divided into five sections (IMO, 2004a, pp. 14-27). 
 Section A: Comprises general provisions. 
 Section B: Management & control requirements for Ships. 
 Regulation B-1: States the requirements of having a BWMP which is 
approved by the Administration 
 Regulation B-2: Ballast Water  record book to have a record of all the 
ballast related operations such Ballast taken onboard, discharged to 
sea or reception facility, treated or accidental discharge, etc. 
 Regulation B-3: Mentions the implementation of a time frame for 
ships as per ballast volume capacity and date of keel laid. 
‐ 12 ‐ 
 
 Regulation B-4: Describes the BWE which has geographic 
limitations in it. 
 
 Section C: Additional Measures 
 This section gives the right to party/parties to implement additional 
measures in order to prevent, reduce or eliminate the transfer of AIS 
and pathogens through Ballast water of Ships. 
 Section D: Standards for Ballast Water Management 
 This section is by far the most important from the point of this 
particular research topic as it is based on the BWE standards (D-1) 
& Ballast Water Performance Standards (D-2) in detailed. 
 Regulation D-5: Gives IMO the right to review the Ballast Water 
Performance Standard periodically in order to match with 
technological development considering together with the socio 
economic effects, safety, environment, etc. 
 Section E: Surveys & Certification requirements for Ballast water Management 
As shown in the Table 2-1, there are 16 guidelines which are not mandatory but however 
provide a guide for proper implementation of BWM convention. The latest addition was 









Table 2-1: Guidelines of MEPC regarding Ballast Water Management Convention 
GUIDELINES TITLE 
G 1 Guidelines for sediment Reception Facilities (MEPC.152(55)) 
G 2 Guidelines for Ballast Water Sampling (MEPC.173(58)) 
G 3 Guidelines for BWE Equivalent Compliance (MEPC.123(53)) 
G 4 Guidelines for BWM and the development of BWM Plans 
(MEPC.127(53)) 
G 5 Guidelines for Ballast Water Reception Facilities (MEPC.153(55)) 
G 6 Guideline for BWE (MEPC.124(53)) 
G 7 Guidelines for Risk Assessment under Regulation A-4 of the BWM 
Convention (MEPC.162(56)) 
G 8 Guidelines for Approval of BWM systems (MEPC.125(53)). Revised 
MEPC.174(58) 
G 9 Procedure for approval of BWM Systems that make use of Active 
Substances (MEPC.126(53). Revised MEPC.169(57)) 
G 10 Guidelines for Approval & Oversight of Prototype Ballast Water 
Treatment Technology Programs (MEPC.140(54)) 
G 11 Guidelines for BWE Design and Construction Standards 
(MEPC.149(55)) 
G 12 Guidelines for Design and Construction to Facilitate Sediments 
Control on Ships (MEPC.209(63)) 
G 13 Guidelines for Additional Measures Regarding BWM Including 
Emergency Situations (MEPC.161(56)) 
G 14 Guidelines on Designation of Areas for BWE (MEPC.151(55)) 
 Guidelines for BWE in the Antarctic Treaty Area (MEPC.163(56)) 
 Guidelines for Port State Control under the BWM Convention 
(MEPC.252 (67)) 
Source: Adapted and self modified (IMO, 2004b) 
 
2.5       BWM Convention key stakeholders 
Each international convention lays down certain power to key players or so called 




13 Stakeholders are socially organized groups that are or will be affected by the outcome of the event or 
the activity from which the risk originates and/or by the risk management options taken to counter the risk 
(IRGC, 2005). 
come obligations and responsibilities. As per the BWM Convention key players are the 
Flag State, the Shipowner, the Coastal State and the Port State in order to reduce the 
possibilities of spreading or transfer of Aquatic Invasive Species (AIS). 
The spread of the AIS was established in 1980’s however an effective global measure to 
reduce this spread has not been implemented. Therefore the time is running out in order 
to protect the ocean eco system and provide bio-security. It is also known that once AIS 
establishes itself in a new environment there are little if not no means of return to 
original state. Hence the role of individual key players is essential. 
Considering the whole system or the chain of causation the most important role is played 
by the Flag State and the shipowner who have the control and ability to reduce the 
spread of AIS at the source (GloBallast, 2013, pp. 39-40). Flag State gives the necessary 
legal power by adopting the convention into its national law and the shipowner plays the 
role by selecting, installing and maintaining the BWMS. The vessel’s crews who are 
also representing the shipowner use their skills and knowledge to achieve the standards 
as prescribed by the Convention. 
 The shipowner must pay attention to this key factor that by accepting additional 
responsibilities or obligations under the BWM Convention it must be prepared to 
allocate additional resources for its effective functioning. By merely purchasing and 
installing the best suitable equipment will not guarantee complete effective 
implementation. Resources such as time, money and skill must be planned as BWM 
practices may affect the crew work rest hours, vessel stability, crew occupational health 
safety especially with chemical hazard and ship safety concerning ballast tank corrosion 
& equipment hazard. 
2.6      Methods to comply with BWM Convention- BWE and BWMS  
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The Ballast Water Management standards are divided into two parts.  
 The first is regulation D-1 which lays down the Ballast Water Exchange (BWE) 
standard. According to the D-1 standards, ships should achieve efficiency of 95% 
volumetric exchange of ballast water. In practice a ship can achieve it by pumping 
through sequential, flow through or dilution method. As per the regulation in 
pumping through method (Flow through and Dilution method), if the tanks are 
emptied and refilled at least 3 times the volume of each ballast tank then it’s 
considered in compliance and pumping less than 3 times is accepted only if it can be 
shown that at least 95% volume exchange criteria was achieved (IMO, 2005a, pp. 3). 
 
Figure 2-1: Different Ballast Water Management options as per the Convention 
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Source:  Adapted and self modified from (ABS, 2014a, pp.5) 
This is transitional in nature and requires no additional equipment or investment. 
It’s noted that BWE is a temporary measure imposed under the convention in order 
for ships to reduce the risk of transfer of AIS & give time for the BWMS to be 
developed for effective treatment method. These standards have geographical 
limitations within it and incase it can’t be achieved then exemption is provided with 
a reduced geographical margin (GloBallast, 2013, pp. 10-11). It’s of particular 
importance to container ships as their nature of trade many times compels the ship 
to call many ports within short distances of each other or travel along the coast in 
order to achieve the shortest distance. BWE is based on the concept of photic zones, 
that the organisms which survive on coastal region shallow waters are unable to find 
ideal habitat for their survival in deep water and vice versa. 
From a shipowner’s perspective for compliance it’s important to identify and 
appoint a responsible officer as per regulation B-1.5 for this task onboard (IMO, 
2005a, pp. 3).  An approved BWM plan to mention the procedure for BWE and the 
ship’s Safety Management System should describe the job description of the 
identified officer. The shipowner should conduct regular training for crew both 
onshore and onboard with regular refresher courses for better understanding of the 
exchange standards keeping vessel safety and environment protection in focus (IMO, 
2005a, pp. 7). 
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Let us consider a Panamax sized container ship; such ships are usually on cross-
continent liner trade where the route is generally cyclic in nature and the vessel has 
time bound port calls. The coastal sailing schedule for such ships comprises number 
of ports within short distances of each other where the containers are loaded and 
discharged with multiple shore gantry cranes on operation making it a fast 
turnaround. Once the coasting schedule is completed the vessel departs on its cross 
continent ocean passage where it is planned to exchange ballast. 
The Chief Officer is normally in-charge of the cargo operation and plans the vessels 
ballast water exchange in consultation with the Master. The planning involves 
various factors to be taken into account such as: 
 First and foremost safety of the vessel considering the stability and strength (IMO, 
2005a, pp. 2). For this the cargo loading plan and weather forecast are taken into 
account.  Even the voyage plan must be considered to calculate the distance from 
the land. The vessel’s cargo loading computer is used to check the vessel’s stability 
and to calculate whether the stresses acting on the ship are within safe limits during 
the BWE process. 
 The container ships of panamax category consume 280 MT of fuel per day which 
has a great impact on the weight distribution on the hull (Mccann M., personal 
communication, May 27th 2015). Thereby ballast onboard needs to be adjusted 
accordingly. 
 Crew work rest hours must be taken into account as the procedure for ballast water 
exchange must happen in the day time. As there are chances of organisms to rise up 
to the water level during the night and this should be avoided (IMO, 2005b, pp. 3). 
As per The Chief Officer who is responsible for this operation usually has a watch-
keeping duty just like the other navigating officers along with this duty of ballast 
water exchange. The usual watch of a Chief Officer is 0400-0800 and 1600-2000hrs 
and the MLC convention and STCW convention mandates minimum of 10 hours of 
rest in any 24 hours period. Therefore rest hour planning must be made carefully in 
order to comply with regulations and prevent fatigue. 
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 The second is regulation D-2 Ballast Water Performance Standards as shown in 
Table 2-2, which is inter alia with the BWMS. It basically refers, to the treatment of 
ballast water on board through special equipment specifically designed and type 
approved. This is the method which the IMO is ultimately trying to achieve for 
effective reduction of AIS in ships ballast water.  
The BWMS must achieve the D-2 performance standards once the convention 
comes into force. The Implementation of such standards as mentioned previously is 
laid down under regulation B-3 which is to streamline the implementation schedule 
in 2007 and have it reexamined again in MEPC 65 for a pragmatic approach 
towards implementation (IMO, 2014a). It is again under review with an agenda for 
next MEPC 69.  
Table 2-2: IMO’s D-2 Ballast Water Performance Standards 
Organism Category Limits on Ballast Water 
Organisms >= 50 micrometer < 10 viable organism per m3 of ballast water 
50 micrometer> organism>= 10 micrometer < 10 viable organism per milliliter  
Indicator microbes  
Toxicogenic Vibro Cholerae < 1 Colony Forming Unit(cfu)/ 100 ml 
Escherichia Coli < 250  (cfu)/ 100 ml 
Intestinal Enterococci < 100  (cfu)/ 100 ml 
Source: As interpreted from G-8 Guidelines (IMO, 2008b, pp. 5) 
Regulation B-5 of the BWM Convention also covers the management of sediment 
onboard from ships ballast tanks. Shore reception facilities and at sea more than 200 
nautical miles with water depth of more than 200 meters are two options available for 
safe disposal of sediments. (IMO, 2005b, pp. 4-5) 
‐ 19 ‐ 
 
From a container ship perspective, during sailing the ballast tanks are regularly inspected 
as per the BWM plan (IMO, 2005b, pp. 4). During the inspection, sediments deposited 
are assessed visually. The plan states that the ballast water tanks are to be flushed and 
stripped using educators during long voyages. The designated officer in-charge of ballast 
operation must plan and identify the tanks to be used for a particular coasting schedule 
in order to reduce the possibility of contamination of the ballast tanks.   
 
2.6.1 Types of treatment methods 
There are different methods employed for ballast water treatment, each having its 
advantages and disadvantages. These systems have been derived from land based 
installations for municipal and industrial applications (IHS, 2014b, pp. 10). However 
when these land based systems are applied for marine purposes aboard ships they need 
certain modifications in order to operate and perform as per the D-2 standards. External 
factors such as ambient temperature, vibration, space limitation, safety etc. differ from 
land based application. More over the internal factors such as water salinity, turbidity, 
varied types of micro organisms also play a role. This was even mentioned by Mr. Leif 
Erik Caspersen (ERMA First’s Sales Manager) at the green4seas forum-2015 
“…salinity, turbidity and temperature all affect BWMS performance in one way or 
another” (ERMA, 2015). 
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Simple waste water treatment systems used in industrial applications are based on two 
stages: viz. Stage 1 – Separating solids from liquids, Stage 2 – Disinfection process. 
Similarly BWMS adopts a two stage approach. The first stage is mechanical separation 
in which the larger sized particles in water and suspended solids such as fish, crabs, 
sediments, sea-weeds etc. are removed by automatic self cleaning filters with a mesh 
size of 40microns or by using discs/hydro-cyclones. The remaining organisms which 
pass through the first stage are disinfected in the second state by either physical or 
chemical treatment or a combination of two or more treatment methods (IHS, 2014b, pp. 
10). 
Physical treatments such as Thermal (Heat), UV and Electrical Pulse methods are based 
on the concept of damaging at the ‘Molecular scale’, thereby preventing the organisms 
to reproduce. The Ultrasound and Cavitation methods destroy the particles. Lastly de-
oxygenation method such as Inert Gas is used to asphyxiate organisms by creating an 
anoxic environment (IHS, 2014b, pp. 10). 
Chemical treatment comprises Biocides, Electro-chlorination, Ozonation, Chlorination 
and Advanced Oxidation. Each of these chemical treatments produces by-products 
which are to be neutralized prior discharge to the ocean.  
2.7 Factors to be considered for selection a BWMS for container ships  
For a shipowner to select and employ the most appropriate BWMS, a tailor-made 
solution is required for each vessel as each ship has its own individual characteristics. 
Various factors must be considered covering operational, technical and commercial 
factors for deciding an ideal match. 
Initial key points 
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 Vessel age & type 
Vessel age is the first thing to be considered while thinking of a BWMS, as the cost-
benefit ratio must be considered for the life cycle of the ship. BWMSs are expensive 
to retrofit and hence cost-effectiveness must be taken into consideration.  
Type of ship is a factor to be considered as it would help in identifying if the vessel 
is high or low ballast capacity dependent. As shown in Table 2-3, it describes the 
different types of ships with requirements of different ballast capacities along with 
flow rates. It can be observed that container ships ballast dependency is much lower 
than the oil tankers and bulk carriers. Moreover for oil tankers, chemical tanker etc., 
vessels would need a BWMS which can be installed in hazardous zones such as in 
pump rooms or on weather decks.  
Table 2-3: Ballast Water Capacity and Ballast Pump Rate of different types of Ships 
Dependency 
Level 
Vessel Type Total Ballast Capacity Pumping Rate 
(m3/hr) 
Bulk Carriers 
Handy 18000 1300 
Panamax 35000 1800 
Capesize 65000 3000 
Tankers 
Aframax 31000 2500 
Suezmax 54000 3125 










ULCC 95000 5800 
Containerships 
Feeder 3000 250 
Handy 8000 400 
Sub-panamax 14000 500 
Panamax 17000 500 
Post-panamax 20000 750 
Other Ships 







Ro/Ro 8000 400 




 Trading route 
Merchant vessels trade globally and as mentioned in the previous section that many 
countries have their own national and domestic laws governing ballast water 
management. Therefore, depending upon the trade route the local and Flag State 
laws should be considered to check for any specific requirements. For example 
USCG has its own law mandating USCG type approved BWMS to be installed 
(ABS, 2014b, pp. 32). 
Also, each port has water with its own characteristics, which may require a 
particular BWMS to be installed that is suited to those characteristics. 
Characteristics such as for salinity, turbidity, silt content etc. affect the efficacy of 
the BWMS. Therefore if the route of a ship is specific to regions with a predominant 
water characteristic then the BWMS should be tested for such conditions for 
performance standards (ABS, 2014b, pp. 32). For example the UV system 
effectiveness is hindered in water with high turbidity and electro-chlorination 
method is less effective in brackish water or fresh water. 
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 Total ballast capacity & flow rate required 
The relation between the ballast capacity and flow rate is one of the most important 
factors for selection of a BWMS and it is discussed in detail in Chapter 5. BWMS 
for a new ship is selected based on the ship’s ballast capacity. For instance container 
ships have a low ballast capacity and low flow rate required as compared to oil 
tankers and bulk carriers. Other factors related to ballast capacity are amount 
discharged at any particular time, pump capacity etc. Container ships rarely do 
ballast operations for full ballast capacity a port at any given time. Usually it is 
limited to shifting of ballast from one tank to another for trim and heel correction 
(ABS, 2014b, pp. 35).  
Technical & operational consideration 
 Effective time of treatment  
This is a factor which needs consideration as each BWMS employs different 
methods for treatment and each has its own effective treatment time. For example, 
the UV systems have immediate response in treatment effectiveness whereas some 
electro-chlorination methods can take up to 1 day. The Cold Harbour Marine 
manufacturer’s BWMS employs de-oxygenation method combined with cavitation 
and ultrasonic method has a treatment period of 5 days which happens during the 
voyage in the ballast tanks (LR, 2014, pp. 24). In the case of a container ship which 
usually calls multiple ports within a short duration, a method with such a long 
treatment period is not suitable. 
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 Occupational Health and Safety 
According to International Labour Organisation (ILO) one of the key parameters to 
improve safety at the work place is to focus on making the work place safer 
(Baumler, 2015). Therefore the shipowner must consider safety aspects of BWMS 
from an operational and maintenance point of view in order to safeguard the crew 
from hazards. Some systems utilize active chemicals which require safety measure 
such as additional personal protection in order to create a barrier from the chemical 
hazard. This will require a shipowner to invest in additional resources in order to 
maintain the same safety standard as per the organization’s safety culture. The crew 
would require personal protective equipment, training on daily handling and storage 





 Power requirement 
Power will be an additional factor that must be taken into account as large power 
consumers such as UV systems consume 150kW to 300kW for a 2000 m3 system 
(ABS, 2014b, pp. 35). This kind of additional load during peak load conditions 
might create power shortage. Container ships have to cater to additional electrical 
load from the several refrigerated containers it may carry. Therefore shipowner 
might need to install power generators with higher capacity or additional generators.  
For example, as per data collected from a 13000TEU container ship owned by 
Seaspan (Mccann M., personal communication, May 27th 2015): 
Total refrigerated container capacity in TEU’s = 900 
Each Container load: 5 kW (approximately) 
Total load of refrigerated containers = 900 x 5= 4500 kW 
Normal sea load of the Vessel = 1300 kW 
Total load = 1300kW + 4500 kW= 5800kW 
Each power generating plant rated power: 3600 kW  
Operate at maximum 80% load for safety consideration:  2850 kW 
Therefore two power generators out of the four generators onboard will be needed 
to run in parallel to supply load. However bow thrusters, ballast pumps, fire pumps, 
other deck machinery, etc. must be taken into account as they are large power 
consumers during their operation. In addition 300kW would have to be catered for 
BWMS. Additional load means additional fuel consumption and cost associated 
with it.   
 Ballast tank coating effects 
Ballast tanks are coated with special type of epoxy coating paint in order to prevent 
the extremely corrosive nature of sea water. Active substance released during the 
treatment process and thereafter stored in ballast tanks would need to be checked for 
its compatibility with the ballast tank coating with the ballast tank coating (LR, 
2014, pp. 17). Research is still underway with respect to interaction of active 
substance and ballast tank internal paint coating. It would be deemed necessary to 
periodically asses the condition of ballast tank coating by the use of a paint coating 
thickness measurement gauge. 
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 Space requirement 
Space requirement is a paramount issue for new as well as for retrofitting BWMS on 
existing container ships. Foot print of a system is one of the important factors which 
need to be considered as BWMS are not traditionally planned in the usual designing 
of a vessel. However it is relatively easier to plan for space at the design stage rather 
than in retrofitting for existing vessels. Depending on the size and type of vessel, 
space shall be an issue. It is noted that most of the BWMS are available in modular 
design hence the maximum flow rate can be achieved by adding more modules of 
BWMS, but the space requirements shall increase. Some systems provide flexibility 
of installing vertical or installing few components in a separate location if space is a 
constraint (LR, 2014, pp. 18). BWMS foot print for a 200 m3 ranges from 1 m2 to 25 
m2 and for a 4000 m3 can go up to 50 m2 (ABS, 2014b, pp. 36). 
It is also necessary to take into account the space required for maintenance and 
ancillary equipment to support the proper functioning of BWMS such as ladders, 
lighting, space for access to equipment, storage of chemicals which are used in the 
treatment, etc. In case the chemicals are stored in a separate location, then the 
design for that location must consider ventilation, fire protection and detection 
systems (ABS, 2014b, pp. 36). 
Manufacturer selection 
 Manufacturer market experience 
In the present BWMS market there are many manufacturers of various types of 
systems, with each system having its own advantage and disadvantage. However the 
manufacturer’s investment in R&D, market reputation and quality assurance policy 
is something which can be proven with a track record of audits focused on quality 
checks and market feedback (ABS, 2014b, pp. 38). Therefore the manufacturers 
experience is a good indicator of quality of product which a shipowner must look 
into prior selecting a BWMS.  
Also the service network will give an indication of its after sales service and 
limitations. Therefore a well established manufacturer will be capable of providing 
better quality assurance during the entire service life and spare parts supply. 
IMO is in the process of comprehensively reviewing its type approval guidelines   
G-8 in order to bring uniformity in the type approval process. This indicates that 
manufacturers who have market experience and collected data from its sold 
equipment will be in a better position to tweak their systems to meet the new 
regulations that the ones who have entered the market recently.   
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 Equipment approval 
IMO type approval is a good indicator that the systems have officially got approval 
from the flag state for its performance standards. However the recent growing trend 
of USCG ballast regulation has shifted the industry attention towards USCG type 
approval. So far none of the system has got a USCG type approval, but Alternative 
Management System (AMS) is an interim solution to it. Almost 17 systems from the 
IMO type approved list have applied for the USCG type approval process which 
could be used a prediction parameter. 
 Lead time 
A manufacturer’s ability to supply its BWMS in time after an order is placed should 
be confirmed and checked for its lead time, as it is not necessary that all 
manufacturers will have the same lead time. Each manufacturer will keep only the 
required stock available as it will help control inventory cost. Another important 
factor to be considered is that once the BWM Convention comes into force, there 
will be a sudden rise in demand, causing the lead time to increase. Therefore from a 
shipowner’s perspective it could be essential to identify key manufactures and their 
manufacturing supply chain timeline.  
2.8 Innovative idea in BWM for container ships  
The problem of transfer of harmful invasive species through ballast is an old problem as 
it was discovered in 1980’s but it requires new innovative solutions. For this reason the 
BWM convention regulation B-3.7 permits to foster and approve of alternative BWM 
methods provided it gives equivalent environment protection (IMO, 2004a, pp. 19). 
‐ 28 ‐ 
 
One such thinking out of the box solution is the Daewoo Shipbuilding & Marine 
Engineering (DSME’s) ‘Solid Ballast (SB) TEUs’ which is a zero ballast water concept. 
This method is like going back in time when solid rocks were used for ballast purpose 
except in this case it’s been replaced with suitably weighing solid containers loaded on 
ship using usual cranes. SB concept is more suitable for new or retrofitted ships as the 
additional space will be created on a ship which previously was used for BW tanks. As 
shown in the figure 2-2, there are no external hull modifications but the inner double 
side wall is made into a single double hull bottom which creates additional space for the 
extra SB container. However with this modification should consider hull integrity 
against torsion stresses and the requirement for reinforcement strength for the additional 
container slots (GloBallast, 2011, pp. 10-11).  
Figure 2-2: Conceptual conversion of a Container Ship’s Ballast Water Tanks to provide 
additional hold space. 
Source: Adapted from (GloBallast, 2011, pp. 11) 
 
Table 2-4, shows the estimated number of SB TEU containers required for different size 
of ships in loaded and unloaded condition. Approximate weight of one SB TEU is 
calculated as 25 tonnes. Suggestions are made to identify if permanent ballast fresh 
water can be arranged for internal transfer to facilitate trim correction when needed.  
Though the SB concept exempts the ship from complying with the BWM operation and 
maintenance related cost, there are additional costs of handling SB containers, viz. 
increase in berth time, planning software for loading, logistics to counter container trade 










Table 2- 4: Calculated estimation for number of Solid Ballast TEU containers required 













4400 14128 13705 8704 25 549 349 
8400 28495 22721 7857 25 909 315 
14000 48859 40807 12803 25 1633 513 
Source: Adapted from (GloBallast, 2011, pp. 11) 
 
2.9 Concluding remarks 
The spread of non indigenous species in different part of world leading to reduction of 
bio-diversity has made it evident that the ships ballast water has played as a major vector 
in the transfer of these harmful aquatic species. However ballast water is essential for the 
ships safety and efficient operation which makes it difficult to completely eliminate it. 
Some innovative ideas are in design stages as mentioned in section 2.8 which are 
gaining interest in the maritime industry. Therefore it is suggested that shipowners must 
invest part of their R&D in such concepts as this possibly could lead to a complete 
paradigm shift creating new ways to deal with this problem.  
At present in the market there are many different methods used for treatment of ballast 
water with each having advantages and disadvantages. A container shipowner must 
consider the factors mentioned in section 2.7 in order to select the most suitable BWMS 
for a particular ship. As seen that each type of ship is different from the other and it 





CHAPTER 3: REGULATORY ASPECTS IN BWMS 
3.1      Introductory remarks 
Over the years shipping industry has turned from traditionally unregulated to present 
day’s highly regulated industry. Regulations are a major driving factor for the shipping 
industry key stakeholders to function and operate. 
With respect to Ballast Water and controlling the transfer of AIS there are many national 
regulations apart from the IMO’s International Convention for the control and 
management of Ship’s Ballast Water and Sediments, which is yet to come into force. 
Undoubtedly the BWM convention is the most prominent of all with a global approach 
for implementation, but the USCG Ballast Water regulations which is already enforced 
is creating a major dilemma in the shipping industry. 
This chapter shall identify and discuss the key factors governing the present regulatory 
aspects concerning ballast water which are creating dilemma. Also a comparison is made 
between the IMO’s BWM Convention and USCG regulations for a detailed analysis of 
their salient features. 




Once the BWM Convention is ratified by the required threshold mark for tonnage 
percentage and comes into effect, all the vessels flying the flag of the State party to the 
Convention must install a BWMS which is IMO type approved. However, just a type 
approval itself is not the only factor that makes a particular system suitable for a given 
ship. Various other factors as discussed in previous section 2.2.2 must be considered by 
the shipowner prior installing. Equipment operators are responsible for compliance with 
discharge standards.  
For the issue of type approval four basic aspects are assessed which are safety, bio-
effectiveness, practical and environment friendly irrespective of the type of system or 
method employed (Dang K., personal communication, June 20th 2015). The type 
approval certificate of BWMS is issued by the Administration or a recognized 
organization on behalf of the Administration such as the classification societies. The 
process broadly takes two different approaches to classify the BWMS as shown in figure 
3-1. These two different approaches are governed mainly by: 
 G8- Guidelines for Approval of Ballast Water Management Systems (Resolution 
MEPC.174 (58)). 
 G9 – Procedure for Approval of Ballast Water Management Systems that make use 
of an active substance ( Resolution MEPC.169 (57)) 
These two guidelines form the framework of type approval process which outlines 




The system which do not use active substance for them G-8 guidelines are applicable. 
Initially the manufacturer submits basic documents comprising the design, construction 
& operational aspects to the Administration for its review. These documents are 
reviewed and approved for fundamental errors and feasibility. Then the BWMS is to 
undergo land-based testing which can be done in an Administration approved laboratory 
and also shipboard testing for compliance with D-2 performance standards. An 
environmental testing is also done for electrical and electronic sections to ensure if it can 
sustain vibration, humidity, power fluctuations, etc. On the successful completion of the 
above tests, the Administration issues a type approval certificate. It’s noteworthy that the 
G-8 guidelines check the suitability and efficacy of a BWMS. 
 
Figure 3-1: Logic diagram of G-8 & G-9 Type Approval flow  
 




For the systems which use active ingredients in their treatment process the G8 and G9 
guidelines are applicable. As per the guidelines a 2 step approach is taken by IMO 
before a type approval certificate is issued by the Administration or a Recognized 
Organization on behalf of the Administration i.e. Basic Approval and Final Approval. 
The basic approval step involves evaluation of test results, obtained from laboratory for 
any adverse effects of the active substance to the environment, humans or property with 
a risk evaluation for toxicity, bio-accumulation and persistency. In short, this step avoids 
any unwanted side effects that may arise from the release of an active substance, 
avoiding a situation where more harm than good is done. Also the approach taken in this 
process identifies the sustainable use of the active substance and not its efficacy standard. 
The second step is Final approval which is a continued and cumulative evaluation of the 
analysis to confirm safe use of the active ingredient.         
The Group of Experts on Scientific Aspects of Marine Environment Protection-Ballast 
Water Working group (GESAMP-BWWG) reviews the approval of BWMS and advices 
the MEPC committee prior it’s meeting for approval. Subsequently the Administration 
conducts its type approval process as per G-8 guidelines (ABS, 2014b, pp. 28). For 
example, the recent MEPC 68 witnessed the final approval of one system and the basic 
approval of five systems. 
 
3.2.1      Pragmatic approach to revise G-8 guidelines (MEPC 67 & 68) 
One of the main reasons for BWM Convention not coming into force is because the G-8 
guidelines for type approval is considered to be not robust enough to provide a reliable 
BWMS. The G-8 guidelines are under scrutiny by the member states of IMO because it 
is suggested that G-8 does not giving a common interpretation leading to different 
understanding of the level of efficacy standards. This causes many systems to default in 
meeting D-2 performance standards which may lead to non compliance during the PSC 
sampling procedure. Considering the above, the IMO in its MEPC 67 meeting agreed on 
Resolution 253(67) to comprehensively review the G-8 guidelines. This is an on-going 
process with a dedicated group formed by IMO ballast water management working 
group and World Maritime University. The combined group shall conduct stakeholders 
online survey for data collection on finding similarities and differences in present 
practices related to type approval related issues. A final report shall be submitted to the 
MEPC 69 meeting in year 2016.  Depending on the extent of review the outcome shall 





3.3       USCG regulatory overview 
Even though there are many other countries which have developed their own national 
regulation to control the transfer of AIS through Ballast water, the USCG regulations 
have been of great importance and concern for the shipowners. 
This first reason being United States (US) is one of the most important trading nations as 
it ranks number 2 in the top 20 containerized cargo exporting nations and number 1 in 
the containerized cargo importing nations as per 2009-2010 statistics. Import in the year 
2010 was 17.6 million TEU and same year the Export was 11.2 million TEU. This 
indicates the importance US holds in the container trade (World shipping, 2010). 
Secondly, the USCG regulations provide the Federal Government with enforcement 
power to apply civil fines and penalties (up to $35,000/day), as well as criminal 
sanctions for “Deliberate” violations (Shipman, 2012). Therefore it’s natural that many 
shipowner’s and operator’s vessels trading in US waters are bound to follow the national 
regulations. 
The Ballast Water Management regulations in the US are governed by the Federal Act 
also known as the US Environmental Protection Agency (USEPA) permits, the USCG 
regulations, and individual state acts. The USCG “Standards for Living Organisms in 
Ship’s Ballast Water Discharged in US Waters” commonly known as the USCG final 
rule was enforced by law in June 2012 and the implementation of the rule started from 
1st Jan 2014. This regulation demands all ships irrespective of the flag in US navigable 
waters within 12 nautical miles of nearest land, to comply with the ballast water 
discharge standards, ballast water reporting & recordkeeping and install, operate and 




There are certain additional requirements as per the USCG regulations as per 33CFR 
151.2050 (e) and (f) with regard to fouling management which is not there in the IMO’s 
BWM convention such as clean ballast tanks, anchor rinse, ballast uptake at infested 
areas, fouling from hull and pipelines, etc. (DNV, 2012) 
In line with the biofouling management 33CFR 151.2050(g) requires the vessels ballast 
water management plan to incorporate bio-fouling management. However if a vessel can 
demonstrate its bio-fouling management plan as per MEPC.207(62) – “ Guidelines for 
the control and management of ship’s biofouling to minimize the transfer of invasive 
aquatic species, 2011” and through its standard procedures, then it is considered to 
comply with the USCG requirements. The ballast water management plan need not be 
approved by the USCG but it should be documented in the BWM plan (DNV, 2012).  
 
As depicted in Table 3-1, depending on the vessel’s ballast water capacity a firm 
timeline has been made for the compliance of installation of BWMS. 
 
Table 3-1: USCG final rule implementation schedule 
 Vessel’s Ballast 
Water Capacity 
Date Constructed Vessel’s Compliance 
date 
New Vessels All On or after 1st December 2013 On delivery 
Less Than 1500 m3 Before 1st December 2013 First Scheduled 
drydock after 1st 
January 2016 
1500- 5000 m3 Before 1st December 2013 First Scheduled 







Greater than 5000 m3 Before 1st December 2013 First scheduled 
Drydock after 1st 
January 2016 




According to the USCG final rule a shipowner has many options to comply with the 
Ballast water management. 
 Install and use USCG type approved system 
 Not to discharge any ballast water within 12 nautical miles of the US coast 
 Use water supply from public water systems 
 Discharge to shore reception facilities for treatment purpose. So far no such 
facilities are available in US, but it can be an option in the future. 
It is noteworthy to mention that a shipowner may choose any 1 of the options to comply 
with the USCG ballast water management regulations (LR, 2015).  
For temporary compliance 2 options are available 
 Install an Alternate Management System (AMS) 
 Apply for extension to USCG, which will be for 5 years from ships compliance date. 
There are many options available under the USCG final rule. At present, the cost-benefit 
analysis for BWMS remains uncertain. As the BWM convention is bound to come into 
force, shipowners will have to comply by installing BWMSs aboard their ships. 
3.3.1        USCG Alternate Management System 
The Alternate Management System (AMS) is one of the options available under the 
USCG ballast water regulations to comply with the discharge requirements which are 
based on the theory of achieving effectiveness at least as BWE. However it should be 
noted that AMS is a step forward but it is not a USCG type approval nor does it 
guarantee type approval at later stage. AMS and type approval are two different 
programs with different set of requirements and procedures (ABS, 2014b, pp. 31).  
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AMS program was introduced by USCG to facilitate the timely implementation of 
USCG final rule as there is no USCG type approved BWMS in the market yet and also 
as an incentive to the shipowners who were early movers and installed the BWMS. 
However there are certain conditions under AMS program, such as, the installation of 
BWMS should be prior to vessels compliance date and can be used only up to a period 
of 5 years from the vessel’s compliance date also called as the “grand fathering period”. 
In turn this will allow the BWMS manufacturers adequate time to apply and get USCG 
type approval.  
From a shipowners point of view AMS offers certain advantages: 
 Provides exemptions from meeting the discharge standards in the US coastal waters 
 No ballast water exchange requirements 
 Shipowners are not liable under the clean water act (in compliance with Vessel 
General Permit) 
 Shipowners can gain experience with the BWMS without any fear of penalty 
 Environmental Impact (Shows proactive shipowners ) (Hydemarine, 2014) 
 
However there is a degree of uncertainty in installing an AMS that after the 5 years 
expire and the manufacturer does not achieve USCG type approval then the shipowner 
will be in a very difficult situation where the whole system may need to be changed in 
order to comply with USCG rules. 
  
3.3.2         USCG type approval 
The specific regulations concerning the procedure and requirements regarding type 
approval for USCG BWMS is according to 46CFR 162.060 and the discharge standards 
are as per 33CFR part 151 sub part C &D (ABS, 2014b, pp.30).  
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For BWMS manufacturers to get USCG type approved certification is much longer (2-3 
years period as shown in Figure 3-2), detailed and costs more than the IMO type 
approval process due to the detailed testing procedure. This point is well evident as out 
of 54 IMO type approved systems only 17 have applied for the USCG type approval 
process (BIMCO, 2014). This gives a sense that most of the makers are using the wait 
and watch approach prior to jumping into the long and costly USCG type approval 
process. 
 As shown in Figure 3-2, there are basically two options for obtaining this type approval; 
a) From existing test results achieved during foreign administration type approval 
process in accordance to IMO type approval procedure G8 or G9. 
b)  Test data from USCG approved Independent Laboratory (IL). As on 4th June 2015 
there are five approved IL in total, which are DNV-GL, NFS, Korean Registry (KR), 
Control Union Certifications (CUC) and Lloyds Register (LR) (IHS, 2015).  
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If first option is taken, then the manufacturer may contact the approved USCG IL and 
the process will be relatively shorter than the second one.  In the second option, once the 
application is submitted, the IL shall evaluate, inspect and test the BWMS as per the 
Final Generic Protocol for the verification of Ballast Water Treatment Technology (US 
ETV protocol). Overall the ETV protocol is similar to the BWM convention for the 
evaluation process but the testing procedure is more prescriptive and has more detailed 
requirements regarding biological treatment, performance, cost, and predictability 
compared to the BWM conventions-G8 guidelines (ABS, 2014b, pp. 30).  
 
Figure 3-2: Timeline for USCG Type Approval process overview  
Source: Adapted and modified from (Green4sea, 2015) 
3.3.3      Difference between IMO & USCG type approval testing regime 
The IMO type approval and USCG type approval are compared in Table 3-2 and the 
main differences in the testing regime for such a type approval are illustrated. It is 
evident that the USCG rules are more prescriptive and detailed in nature. However the 








Table 3-2: Testing differences between IMO’s G-8 Guidelines & USCG final rule  
G8 USCG 
 Test in multiple salinity in which 2 
salinities should have difference of 
more than 10psu 
 
 Test in 3 salinity: 
>1psu (Fresh Water), 10-20psu 
(Brackish Water), 30+ psu (Sea 
Water)—Depending on the result 
limitations will be mentioned. 
 Five day hold time  1 day max hold time—If not 
limitations  
 3 successful shipboard test run 
required 
 5  consecutive successful valid 
shipboard test run 
 Only successful test runs to be 
reported 
 All official test must be report to 
USCG (pass or fail ) 
 Allows test facilities to determine 
the test method 
 Mandates specific test methods 
(viability in organism) in USCG 
authorized independent labs only  
Source: (Hydemarine, 2014) 
3.4        PSC guidelines 
Vessels are subjected to PSC inspection under the BWM convention article 9 and more 
so the BWM convention also encompasses the ‘No More Favourable Treatment’ clause 
as per article 3.3 (IMO, 2004a, pp. 5). Once the convention comes into force the foreign 
vessels calling ports of a party State shall be subjected to such inspections.   
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PSC provisions in the convention are also a major issue for which many ship owners 
associations have voiced their concern. It is suggested that the PSC guidelines are more 
onerous than the type approval mechanism and therefore could lead to a situation where 
the vessels could be punished for not meeting the D-2 standards.  
The PSC provisions and Sampling guidelines need to be understood completely to build 
a compliance strategy with respect to PSC. As per IMO’s Resolution MEPC.252(67) 
PSC guidelines was agreed upon a four stage approach (IMO, 2014b, pp. 4-9): 
Stage 1- Is for an ‘initial inspection’ where the documentation is checked such as the 
BWM plan, BWM certificates and the crew familiarity through training records. 
Stage 2- If clear grounds are found for non compliance then ‘more detailed inspection’ is 
initiated to check visual inspection of BWMS for correct operation. 
Stage 3- Is with respect to sample testing of the Ballast water. The indicative analysis 
method is first used to check for compliance of D-2 performance standards. This is a 
quick method and prevents any undue delay to the vessel. 
Stage 4- If required a detailed analysis may be carried out to check for compliance. 
3.5 MEPC- 68 outcomes  
The Ballast Water Management convention is high on the priority list for the IMO in its 
MEPC meeting and it was discussed actively in the recently concluded MEPC 68 
meeting held from 11th-15th May 2015. The outcome of the MEPC meeting with respect 
to BWM convention is of importance to the key stakeholders especially the shipowners, 
as it gives an indication of future regulatory impact in the way shipping operates. Few of 




 Member states suggested since the G-8 guidelines are in a state of holistic review 
there should be a mandatory Technical Code for the installation of the Ballast water 
treatment system similar to the NOx technical code. This will be further discussed at 
the next MEPC meeting. 
 The MEPC 68 agreed in principle and re-iterated as per MEPC 253(67) - Measures 
to be taken to facilitate entry into force of the international convention for the 
control and management of ships ballast & sediments, 2004, that first generation 
ballast water treatment systems need not be replaced considering them as early 
movers and will remain compliant till the end of the ship’s life or equipment, 
whichever comes first. Also the shipowner should not be penalized just on the basis 
of sampling outcome which exceeds the D-2 performance standards. 
 The roadmap for implementation is still discussed with a final outcome expected by 
MEPC 70 meeting in which suggestion are in place to extend the experience 
building phase in order to prevent penalizing the early movers. 
 Regarding the G-2 guidelines for sampling of Ballast Water the MEPC 68 approved 
a new method which is rapid indicative method called Pulse Counting Fluorescein 
Diacetate (FDA). 
3.6        Concluding remarks 
‐ 43 ‐ 
 
To summarize the above discussion on the regulatory aspects governing BWMS, it can 
be said that the IMO BWM Convention and the USCG regulations are both of great 
importance in the development of shipowner’s compliance strategies. IMO’s BWM 
Convention is still evolving with slow but incremental steps forward through the 
outcomes of each MEPC meeting. The latest MEPC meeting suggests that IMO is more 
keen on making the BWM Convention’s regulations and guidelines robust rather than 
accounting for the Convention’s ratification progress. Also the MEPC confirmed its 
intent to not punish the first movers as there is a concern in the industry that there could 
be shipowners and manufacturers with outdated BWMS as per the revised G-8. On the 
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other hand the US will not be party to the convention and has its own USCG ballast 
regulation which has legal power in the US waters and therefore a ship in US waters 
must abide by it rules. 
Even though no BWMS has achieved US type approval, the USCG Ballast Water 
regulations are of great importance to ship owners who are planning on installing new 
BWMS. The shipowners must study the approach each prospect BWMS manufacturer is 
taking in order to comply with the USCG type approval program. Since the USCG type 
approval program is more stringent than the IMO type approval regime and takes almost 
12-24 months therefore only financially sound manufacturers that have robust systems 





CHAPTER 4: LIFE CYCLE COST ANALYSIS 
4.1        Introductory remark 
One of the latent reasons behind ship owners reluctance in accepting the BWM 
convention for the past few years is the economic slowdown which was triggered in 
2008 and recovery from the same ever since. The BWM Convention requires the key 
stakeholders especially the shipowners to invest in these expensive BWMS, which many 
believe do not even guarantee that the D-2 performance standards of the revised G-8 
guidelines in the future will be met the D-2 performance standards of the future revised 
G-8 guidelines. 
However the BWM Convention over the years has evolved with many resolutions and 
guidelines passed especially in the recent few MEPC meetings that  it  is  likely  that  the 
Convention will soon come into force. Also the USCG ballast regulation has been a 
major trigger in the sales of BWMS. Therefore it is important for shipowners to carry 
out a holistic study of the costs associated with BWMS together with other factors 




This Chapter discusses the life cycle costs of a few selected BWMS. A cost analysis has 
been carried out for this purpose. Primary data for the analysis was gathered through the 
results of an online survey as shown in Appendix 1. Although the sample size was small, 
it covered leading ballast water manufacturers and prominent container ship owners. The 
survey comprised of a set eight basic questions as attached in the Appendix 1. The 
respondent’s answers were used to create a trend in the cost analysis. 
4.2      Factors involved in life cycle cost of Ballast Water Management system  
The shipping industry is a business after all, and like any other business, any major 
investments to upgrade assets require a detailed analysis along with its cost effectiveness. 
In order to get conclusive economic efficiency of such investment it is important to 




 Acquisition cost:  Is basically the system cost which is quoted by the vendor or the 
manufacturer. This cost is easy to identify as it is quoted and can be also be 
negotiated on a one to one basic (ABS, 2014b, pp. 38). In the present market 
scenario there are many systems with different manufacturers leading to competition 
between manufacturers. According to the Figure 4-1, the system cost shows a trend 
with an average cost of a US$ 436,000. However many believe that the USCG type 
approval will be the main factor governing the increase in cost of a particular system. 
Therefore for a shipowner it is important to invest in a system which is in the 
process of obtaining or has already applied for the USCG type approval.  
 
Figure 4-1: Comparison between various BWMS System Cost and Retrofitting Cost 
Source: Primary data from self created Online Survey: Appendix 1 
Installation cost: This cost is difficult to quantify as the cost depends on various factors 
(ABS, 2014b, pp.38). However a rough estimate can be made if the of the key cost 
components associated with BWMS are accounted for such as: 
 Piping cost: can vary due to the fact that small ships will have smaller diameter of 
the ballast pipes that the larger vessels. For example, a 2500TEU vessel with ballast 
pump capacity of 500 m3/hr can have pipes of over 250mm diameter where as 
13100 TEU vessels with ballast pump capacity of 1500 m3/hr with pipe of more 
than 500mm diameter (ABS, 2014b, pp. 36).  
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 Steel cost:  This cost will also depend on the market price of steel and the amount of 
extra steel work required. Depending on the location allocated to install the BWMS 
 Electrical cost: Major cost in this segment could include cost of the cables, cable 
layout, switchboard work, switches, and remote/ local control panels. Systems such 
as UV and electro-chlorination are more dependent on electrical supply hence 
would have higher electrical cost compared to the systems which employ chemical 
methods. 
 Class and commissioning cost: This cost should be considered as it is mandatory to 
get the class approval. The cost of surveyors for flag state approval from design 
stage to final testing followed by commissioning of the BWMS should be taken into 
account. 
 
Figure 4-2: Comparison of Foot print and Weight of various BWMS Manufacturers 
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Source: Primary data from self created Online Survey: Appendix 1 
 Operating cost and Maintenance cost: are the most unpredictable variables in the 
cost estimation for a BWMS life cycle cost (ABS, 2014b, pp. 38). These variables 
are difficult to predict as they highly depend on the type of the ship and also on the 
type of BWMS selected. To estimate the operating and maintenance cost for a 
BWMS following could be considered: 
 Power demand of the system: This will give the energy consumed by the BWMS 
and the associated fuel needed to generate the required energy. This factor is 
most critical part of estimating the operating cost especially for UV and electro-
chlorination systems which have high power consumers than the chemical 
methods (LR, 2014, pp. 18). 
   Spare parts required: These are the consumables which are essential for the 
continuous operation of the system. Usually the spares which are categorized as 
consumables are Chemicals, UV lamps, Filter candles or discs, etc.  The 
consumption of spare parts also depends on miscellaneous factors such as 
originality of spares, quality of ballast water treated, operators’ quality of work, 
planned/unplanned maintenance etc. 
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   Crew requirements: Different systems have different maintenance schedules, 
which will add to the cost in the long run. For example the time interval for 
filter cleaning schedule, crew personal protective equipment needed for 
handling chemicals, system requirement to be dismantled for cleaning, etc. 
Each will have a particular increase in work load on the crew and cost 
associated. It could be that there will be need to increase the crew manning 
level to compensate and comply with the crew work-rest regulations. Also 
training requirements for each BWMS will vary and will add cost. This training 
will be necessary for correct maintenance and operation of the system. In Table 
4-1, it can be seen that the operating cost of the sample systems vary 
considerably and it is difficult to generalize the cost.  
Table 4-1: Comparison between operating cost of various BWMS Manufacturers 
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 Retrofitting cost:  Retrofits of BWMS are considered for existing ships. This 
segment not only includes costs involved in installing a BWMS aboard existing 
ships, but also costs incurred for layout mapping, pre-fabrication of pipes, rigging 
squad for making necessary changes, etc.  The details with respect to retrofit of 
ships are covered in Chapter 5 of this report.  Figure 4-1, shows a comparison of 
average estimate of estimated average retrofitting cost as quoted by survey 
respondents. Optamarine did not respond to this cost estimate and commented that 
“it would depend on the location and the retrofitting team”. This gives an important 
indication that the yards selected for the process will need to be looked into as 
individual yards will quote different prices. Also a team which is experienced and 




4.3       Concluding remarks 
The above cost analysis gives a rough estimate of the total cost of retrofitting/installing, 
operating and maintaining a BWMS aboard container vessels. One must understand that 
there are several variables to the costs considered, and hence a detailed analysis prior 
selection of a particular BWMS must be carried out by the ship-operator/owner on a 
case-by-case basis. 
Many container shipowners are large companies having a large fleet of vessels which are 
built in series. Such a research would be of particular importance to them as it would 
assist in identification of the life cycle costs of a BWMS not only for a single vessel, but 
also for the identical concept for the series of sister vessels. In this case there are savings 
to be made for shipowners due to economies of scale, as the total resources required to 
analyze and implement an appropriate BWMS would be reduced. There is also a highly 
likely possibility of negotiating a cost-effective deal with vendors/manufacturers for 
fleet-wide implementation. 
Retrofitting of a BWMS is an additional cost component and increases the indirect cost. 
To resolve this issue, several leading container shipowners may resort to signing long 
term contracts with selected retrofitting yards and BWMS manufacturers in order to 
make bulk purchases and save on advance yard slot booking. Such a step would control 





CHAPTER 5: RETROFITTING BWMS ONBOARD CONTAINER SHIPS 
5.1       Introductory remarks 
The real challenge of implementing the BWM Convention is on existing ships rather 
than new buildings. Existing vessels which have not catered to such a modification 
would require additional planning with due consideration to various factors in addition 
to those mentioned in Chapter 2. 
Since BWMS are expensive, consume space, add weight and moreover give no 
assurance for future acceptance or meeting the D-2 performance standards, many 
shipowners have avoided to installing such systems on new builds. This has resulted in 
an increase in the existing fleet of vessels which are operating in the market without a 
BWMS. The combination of these two factors has created a situation where shipowners 
will find it difficult to book a slot at shipyards to retrofit BWMS on existing vessels 
when the convention is enforced. Considering this IMO, suggested a relaxed installation 
regime to be adopted in the convention however it has little meaning when the 
convention is adopted by not ratified. 
This chapter will analyze the various factors which need to be considered for conclusive 






5.2       Factors involved in retrofitting BWMS 
Retrofitting a BWMS on existing vessels is by far a more complex and time consuming 
process compared to installation on new buildings. The process of retrofitting a BWMS 
requires detailed planning as it involves merging the new system with the existing 
onboard ballast system. The key players in the retrofitting process namely shipowner, 
manufacturer and classification society need to work together to create a successful 
BWMS retrofitting project. 
The liner trade industry is a highly competitive and time bound nature of business. Any 
loss in time due to unscheduled repairs can lead to off-hiring the vessel; a step that 
shipowners are not willing to afford in today’s economy when freight rates are low and 
market extremely competitive. Such situation demand the time required to retrofit new 
BWMS to be minimized so that it can be achieved in the planned dry dock. A regular 
dry docking period is 7 days whereas many BWMS manufacturers suggest at least 14 
days or more for installing a BWMS (IHS, 2014b, pp. 9).  
Therefore from a container shipowner’s perspective there are two items of priority while 
considering a retrofit of BWMS on existing ships. First is to reduce the time of retrofit 
and second is to have a stable integration of a new BWMS with the onboard system 
(ABS, 2014b, pp. 39). 
 Reduction of time during retrofit: 
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 Planning plays an extremely important role in reducing any unforeseen delays in the 
retrofitting process. In the preliminary stages, the ship-owner and ship’s crew would 
have to review the existing ballast system by studying pipeline diagrams, ship’s 
plans, equipment information/drawings from manufacturers, operational procedures 
etc. including the effect of the new BWMS on neighboring equipment  (ABS, 2014b, 
pp. 39). 
 Thereafter the shipowner in collaboration with the classification society and BWMS 
manufacturer should carry out a detailed plan to foresee the entire retrofitting 
process. Many experienced vendors use the 3D laser scanning to create a 3D image 
of the location, mostly the engine room which is otherwise a complex area to map as 
well as time consuming. This makes the whole process not only accurate, but also 
less time consuming, enabling ship-yards/manufacturers to pre-fabricate pipes and 
equipment to a high degree of precision. Some even term the method as “First Time 
Right” as there is negligible chance of getting a wrong layout design. This method is 
expensive but for a shipowner with sister ships the method works out to be 
extremely cost effective (ABS, 2014b, pp. 39).  
 Planning for a Riding squad14 for making necessary changes in the existing ballast 
system pipeline or necessary equipment is a good option as it will reduce 
unnecessary time lost in the repair yard. However the cost of such ridding squad is 
usually more than normal crew. It would be best to plan to carry out such a job 
during the vessel’s long sea passage to facilitate uninterrupted work and minimum 
wastage of time. 
 Factors to be considered for effective integration: 
 Location: The type of BWMS which is to be retrofitted will be governed by the 
location on the vessel chosen. BWMS can be installed in various location onboard a 
vessel. Unless the ballast tanks are not in hazardous zones such as in the case for 
Container ships, most commonly they can be installed in the Engine room, Void 




14   International Transport Workers Federation (ITF) describes Ridding squads as gangs of workers – not 
seafarers – brought on board as additional labour. Although originally specialist workers brought in as and 
when the need arose, riding gangs are increasingly used to do a wide range of work: repair and 
maintenance of electrical, mechanical, radio and navigational equipment; cleaning and painting; cargo 
handling; security; and mooring. 
hazardous, such as for oil and chemical tanker vessels then it is ideally installed on 
weather deck with dedicated explosion proof enclosure (ABS, 2014b, pp. 39). 
Due consideration should be given to regulatory compliance and practicality of 
equipment whilst deciding an appropriate location for installation. 
Regulatory issues to be considered such as: 
   Availability of fire protection & prevention services such as fire detectors and 
fixed fire fighting system layout.  
   Integrity for penetrations made to pass pipelines and/or cables (ABS, 2014b, pp. 
39). 
   Ventilation of the selected BWMS should be considered. Depending on location 
selected, capacity and number of supply/extraction fans would have to be 
decided to comply not only with manufacturer’s requirements but also with 
Classification Society requirements (ABS, 2014b, pp. 40). 
Practical issues to be considered could be 
    Ergonomics to be decided based on ease of maintenance. A feature such as 




    The footprint varies between 2.2 m2 to 15 m2 for a 500 m3/hr unit. It should be 
noted that the size does not increase proportionately with flow-rate (LR, 2014, 
pp. 24). A suitable location to install a BWMS in the Engine Room would be 
near the ballast pumps. Hence it is important to consider the free-space 
available near existing ballast system. 
    Minimum pipeline modifications as this will reduce the cost of additional pipes 
and time required. Moreover many ships have space constraints which might 
demand minimum addition of pipelines. 
 
As mentioned previously there are different methods of deballasting. Some tanks are 
drained by gravity for which treatment is difficult to achieve as many BWMS 
employ treatment prior to discharge. Therefore consideration should be given to 
such tanks in order to achieve compliance to D-2 performance standards.   Where 
deballasting is done using eductors, due consideration must be given to compliance 
with requisite performance standards as the water driving the educator is local water, 
while the water in ballast tank is untreated (ABS, 2014b, pp. 40). 
 Structure: BWMS require additional support and stiffeners in order to prevent load 
on the support girders, tank tops and to prevent any undue vibration. The installation 
of the BWMS should be in compliance with the vessels intact & damage stability 
requirements without hindering the integrity of the hull (ABS, 2014b, pp. 40). All 
the above key points should be considered and the use of vibration analysis 




 Ballast pump and BWMS rated capacity match:  
This is a critical factor which must be considered for effective integration of a new 
BWMS with the existing ballast system onboard. Table 5-1, shows the usual range 
of ballast pump capacity and ballast capacity for different sizes of container ships.  
There needs to be a match between the ballast pump capacities of the vessel with the 
flow rate capacity of the BWMS by which the BWMS can achieve the desired 
treatment level to meet the D-2 performance standards. If they are modular in design 
it would be better if you can explain one such system in the preceding chapters. 
Helps the reader better understand what you are talking about. However intrinsic to 
each system is a pressure drop; an important factor to be considered as pressure 
drops affect the final flow rate and leads to lost time. If the achieved flow rate is less 
than the desired flow rate then the classification society shall put a limitation on the 
BWM certificate and document it in the BWM Plan (LR, 2014, pp. 21). 
The relationship of flow rate and ballast pumps (high capacity centrifugal pumps) 
curves as shown in Figure: 5-1(b), exemplifies that as the flow rate reduces, the 
discharge pressure of the pump increases. This is because of the build-up of kinetic 
energy of water in to pressure energy (potential energy) of water in the pump. Given 
this fact, let us consider the example of a BWMS of low capacity fitted on to a high 
capacity pump. Such a situation could lead to a drop in the pump’s efficiency and 
increase in running hours in turn leading to increase in fuel consumption. Moreover 
the maintenance costs would escalate due to frequent pump overhauls from the 
increased running hours.  
 
Figure 5-1 (a): Centrifugal pump view                  Figure 5-1(b): Centrifugal pump output 
pressure Vs Flow rate pump 
characteristics 




Table 5-1:  Comparison between Total Ballast Capacities and Ballast Pump flow rate 
Container Vessel Size 
( TEU ) 
Total ballast water capacity 
(m3) 
Ballast water pump capacity 
(Flow rate in m3/hr) 
2500 9500 500 
3500 12079 600 
4250 11600 500 
4500 18400 500 
5100 17000 600 
8500 25000 1000 
9600 25300 1000 
10000 33000 1000 
13100 35680 1500 
14000 39000 1000 
Source: Primary data collected from Seaspan Ship Management Ltd (Mccann M., personal communication, 




 Power plant capacity:  The additional power demand of the BWMS should be 
considered together with the Classification Society and SOLAS requirements. 
Usually container ships have large capacity power generation plants however the 
SOLAS regulations mandates certain minimum reserve power which should be 
taken into account.  
Also it should be noted that power is one of the biggest operating cost factors for 
many BWMS such as electrolytic, UV and advanced oxidation methods. For 
example an UV lamp can consume 150 kW to over 300 kW for a 2000 m3 system 
(ABS, 2014b, pp. 35). Therefore some systems have used sensors to detect the viable 
organism level in the discharge and adjust the power supply in order to save power. 
Such features not only reduce operating cost but also save fuel and energy for 
greener technology.  
Additional fuel consumption due to the additional power demand for a BWMS is a 
point to be considered. Vessels need to comply with MARPOL annex VI- chapter 4 
which deals with the energy efficiency of vessels in order to reduce the CO2 
emission to combat the GHG emission. As Energy Efficiency Operating Index 
(EEOI)15  is a function of power generator’s fuel oil consumption (FC)16  (IMO, 
2009b, pp. 4) this additional fuel consumption will increase the EEOI which as per 
the convention should be lower than the Energy Efficiency Design Index (EEDI) 
during the entire life span of the ship. This information is illustrated in the figure: 5-
2 that how the EEOI reduce over time and needs to be maintained above the EEDI 
level by additional measures such as dry docking for hull cleaning, propeller 
polishing etc. Therefore a thorough calculation should be done for considering the 
amount of extra fuel which shall be consumed if a BWMS is installed.  
 
Figure 5-2: Concept of EEDI, EEOI and SEEMP for the life time of a Ship 
Source: Adapted from (Nakazawa, 2014) 
                                                            
15 The Energy Efficiency Operational Indicator is defined as the ratio of mass of CO2 (M) emitted per unit 
of transport work (IMO, 2009b, pp. 3) 
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16 Fuel consumption, FC, is defined as all fuel consumed at sea and in port or for a voyage or period in 
question, e.g., a day, by main and auxiliary engines including boilers and incinerators. (IMO, 2009b, pp. 4) 
 Electrical, automation & instrumentation 
Electrical wiring routing will be required for the new BWMS which has to be 
integrated with the existing electrical system or might need a new route layout (ABS, 
2014b, pp. 40). Therefore it must be well planned to meet not only the existing 
layout but also to the class requirements of electrical layout and cable penetration 
requirements through bulkheads.  
A review must be made on the integration of the new automation such as remote 
and local operating systems of the BWMS with the existing ballast system (LR, 
2014, pp. 16). New controllers must be suitably placed for ease of operation as well 
as integration with the existing vessel’s automation system. Alarms and protective 
devices should be integrated into the existing monitoring system. 
 Start-up preparation required 
According to Classification Society recommendations it is suggested to clean the 
ballast tanks and pipelines of sediments because it is found that the function of 
newly retrofitted systems are often compromised due to the presence of excessive 
sediments (ABS, 2014b, pp. 42). Due consideration should be given to this aspect 
during the planning stage to get the existing system cleaned.  
5.3        Steps considered for retrofitting BWMS 
According to Techcross, a leading BWMS manufacturer, a standard schedule for BWMS 
retrofitting process would involve 10 steps which can be achieved in a total of 20 weeks 
after the first meeting and within 14 weeks after finalizing the contract. The whole 
process is shown in the Table 5-2.  
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The process starts with a Kick off meeting between the manufacturer and shipowner 
followed with an onboard site survey to get proper understanding of the installation 
requirements. The Pre-engineering stage involves a preparation of installation report 
with a quotation based on the initial onboard survey. If the parties have a mutual 
agreement then a contract is signed. The installation drawings and electrical diagrams 
are prepared and then finally submitted for class approval with the shipowner’s consent. 
Once the class approval is achieved then the design and pre fabrication drawing are 
finalized followed with the pre fabrication of pipes and equipment. Custom clearance is 
applied for shipment of equipment with the final installation and testing (Techcross, 
2013). 
The point to be noted is that each step involves precise planning between the parties 
involved viz. the Manufacturer, Shipowner and Classification Society. The study of site 
is also crucial to obtain a holistic understanding of the existing ballast system onboard 
and the new BWMS. 




Source: Adapted and modified from (Techcross, 2013) 
5.4        Innovative retrofitting methods  
As covered in section 2.4 Innovative solutions are sometimes the key to obtain tailor 
made solutions. There are some cases where the usual methods of retrofitting do not 
work, in such cases innovative solutions must be considered.  
One of the cases of an innovative retrofitting solution is the DESMI Ocean Guard’s 
Containerised BWMS which uses mechanical filtration followed with UV and Ozone 
methods to treat the Ballast water. This system is containerised and the usual size of a 
standard TEU (Twenty Foot Equivalent Unit) is 20 feet which can hold a 500 m3/hr 
BWMS as shown in Figure 5-3. A higher capacity demand can be achieved with two 40 
feet container placed on top of each other with a total capacity of up to 3000 m3/hr. 
(DESMI, 2013) 
This innovative concept is a good retrofitting product for container ships which have 
space limitations in the engine room or for any other reason for which installation of the 
BWMS is not possible in the Engine room. For this reason the concept of 
containerization is useful as it can allow the system to be fitted inside the container. This 
can be loaded onto the ship using a standard gantry crane and placed at the bottom of the 
cargo hold adjacent to the front of the engine room, as shown in Figure 5-3. 
 
Figure 5-3: Containerised BWMS in steps explaining the concept 
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Source: (DESMI, 2012) 
The figure 5- 4, shows the containerised BWMS concept inside a container ship cargo 
hold where the existing ballast system of the vessel is modified with prefabricated 
pipeline modifications and kept ready to be connected to the pipeline of the 
containerised BWMS. Once the containerised treatment system is loaded on the ship the 
necessary pipes are connected which links the BWMS and the ship’s ballast system.  
 
Figure 5-4: Containerised BWMS loaded inside the cargo hold for connection 
Source: (DESMI, 2012) 
However some important consideration should be made for: 
 Bulkhead penetrations made for the connections between the containerised BWMS 
and the vessel’s existing ballast system should be with the approval of the 
Classification society and in compliance with SOLAS regulation Ch 2-1, regulation 
13-1 (SOLAS, 2012, pp. 37). 
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 Electrical supply for the BWMS should be considered along with the pipeline layout. 
Also the ventilation requirements and ease of access to the space where the BWMS 
should be considered for feasibility. These criteria can be resolved if the cargo holds 
are designated to carry refrigerated containers in that particular cargo hold. Cargo 
holds capable of carrying refrigerated containers have additional power sockets 
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inside the holds and also ladders and platforms for the ease of access for monitoring 
of the refrigerated container. 
 Firefighting and fire detection must be considered. The cargo hold should be 
designated as a non dangerous goods cargo hold with additional fire protection 
system as approved by the Classification society rules. 
 Such a system would generate waste water from the treatment process and due 
consideration for it should be made during the pipeline layout planning stage. A 
possible solution could be to route the waste to the Engine Room from where it can 
be discharged overboard. 
 Due consideration should be given for situations when the treatment system 
malfunctions and the method of handling the untreated ballast water. To cater to 
such a situation the BWMS should have redundancy of more than 100 percent of its 
flow rate such as having manual by-pass filter for the filtration process and a 
standby unit to handle the untreated water at reduced flow rate.  
 5.5       Concluding remarks 
To conclude the above study on retrofitting of BWMS onboard container ship it is 
evident that planning plays a crucial role in reducing the time lost in installing and 
commissioning new systems. Also effective integration of the BWMS will give the 
system a stable service life. For this reason it is important to involve key players in the 
entire process. Classification Societies are of special importance as they have first-hand 
experience in retrofitting similar systems for other shipowners. The BWMS 
manufacturers who offer 3D laser scanning along with their product at the onboard 
survey stage will add value for shipowners with a large fleet of sister vessels. Some 
container vessels might require tailor-made solutions to integrate a new BWMS into the 





CHAPTER 6: CONCLUSIONS AND SUGGESTIONS 
This final Chapter deals with the aim of creating a decision support mechanism from a 
container shipowner’s perspective in selecting a BWMS or retrofitting. Key points from 
the above chapters are used to conclude with suggestions. 
6.1        Summary 
When the BWM Convention was adopted in 2004 there was a lack of type approved 
BWMS in the market however at present there are more than 50 IMO type approved 
systems available each having its own advantages and disadvantages. The BWM 
Convention however is yet to achieve its threshold ratification. On the other hand the 
USCG ballast regulations have already been enforced, but none of the existing BWMS 
have achieved USCG type approval. Thus shipowners are in a state of dilemma as no 
existing BWMS has both IMO and USCG type approval, and vessels would be required 
to comply with USCG regulations if they are trading with the USA. Retrofitting two 




However considering IMO’s initiative and the recent developments in MEPC meetings 
the BWM convention sooner rather than later will come into force and this shall lead to 
a sudden high demand in the BWMS market. It would be prudent of the shipowners to 
identify the suitable BWMS and a yard for installing systems on new ships or retrofitting 
existing ships. Even ERMA FIRST’s International Sales Manager, Mr. Leif Erik 
Caspersen mentioned at the green4seas forum “that the increase of suppliers does not 
necessarily entail significant BWMS cost reduction. On the contrary, increased demand 
and regulatory pressure could cause price rise” (ERMA, 2015). 
6.2        Conclusions 
 A systematic framework approach should be created for selecting of BWMS 
considering technical, operational, regulatory and commercial aspects. 
 Regulatory compliance in present shipping industry scenario is prime importance as 
without regulatory compliance there is no shipping business possible. Therefore a 
container shipowner must consider the BWMS with regulatory compliance and not 
just consider cost solely.   
 Innovative solutions are required for tailor made solutions and shipowners should 
consider investing resources in R&D for such projects as it can lead to ideal solution. 
 Manufacturer experience in the BWMS is a worth noting as presently the IMO type 
approval regime is under review by the MEPC and the systems which are robust and 
consistent with the new G-8 guidelines will be the preferred systems. 
 The life cycle cost analysis should be carried out which will help identify the cost 
effectiveness of a particular system. It also helps in considering the opportunity 
cost17 between few selected BWMS. The life cycle cost will involve calculating the 
acquisition cost, installation cost and the operating cost & maintenance cost of a 
BWMS. 
 The system cost is easy to identify and in the sample data collected the cost 
reflected an average of US$ 436,000. The operating cost are difficult to generalize 




17 The cost of one can be expressed in terms of the amount of the other forgone. The opportunity cost is 
also expressed as the cost of the second best choice (Ma, 2014, pp. 15) 
US$/m3. It is also noted that the approximate cost associated with retrofitting a 
BWMS could be in the range of US$ 200,000 US$ to 500,000. 
 Advance timely planning is required for having a successful retrofitting project of 
BWMS as it's a complex issue of integrating a new system into existing one. 
 In retrofitting a BWMS on container ship the important criteria are to have an 
effective integration of the new system with the existing ballast system and reduce 
time lost for installing such systems.  
6.3         Suggestions 
 Predicting the situation of BWMS market as discussed if the convention comes into 
force, a long term contract between key players must be signed which will ensure no 
price fluctuation and slots available in the yard to retrofit exiting ships. Examples of 
this are evident already, container ship market leader Maersk has signed a deal with 
DESMI and MSC has a long term contract with Alpha Laval with an investment of 
USD 30 million ahead of 2016. (Shippingwatch, 2015b). 
 There are some repair yards such as Damen Shipyard who are offering ‘One Stop 
Solution’ which could be beneficial to some shipowners as the effort required to 
identify cost effective solution for retrofitting a BWMS will be already be covered 
by the repair yard (IHS, 2014a). Such strategic partnership between the yard and 
other key players such as BWMS manufacturers, 3D scanning enterprises and repair 
yards could offer flexibility and cost effectiveness. 
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 An important note would be to incorporate a quality assurance clause into the 
contract which is covered by insurance for any unforeseen event. This clause should 
take assurance from the BWMS manufacturer that they will ensure the purchased 
system will achieve D-2 standards in future with the revision of G-8 guidelines and 
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also the manufacturers will achieve USCG type approval within a specified time 
frame.  
 With respect to ballast water regulations since shipowners are in dilemma with IMO 
BWM convention and USCG regulations. A suggested moved could be to select a 
BWMS system which is IMO type approved with USCG AMS certificate and the 
manufacture has submitted its letter of intent to the USCG for type approval.
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APPENDIX: 1 
Questionnaire created for Online Survey 
 
Online link for the Survey (https://www.surveymonkey.com/r/9WW2TFM) 
Ballast Water Treatment System and Retrofitting  
This survey data is purely for my academic purpose and not for any commercial purpose. This survey shall 
be an integral part of the Master degree research work at World Maritime University and will be referred 
to in the final report. The research work is supported by Seaspan Ship Management ltd, Vancouver. For 
verification email: Megan McCann <mmccann@Seaspanltd.ca> 
1. Method employed in Ballast Water Treatment System. 
Filtration + UV 
Filtration + Electro Chlorination 
Filtration + OH radicals 
Filtration + Ultra sound/ Cavitation/ Heating 
Filtration + Deoxigenation 
None of the above 




3. Please select the Capacity range of the individual Treatment System.  
100-500 m3/hr 
500- 1000 m3/hr 




More than 3000 m3/hr 
4. Approximate average weight in Tonnes for a 1000 m3/hr capacity (if lower capacity system please 
put remark) Treatment System. 
 
5. Installation area required for the 1000 m3/hr capacity ( if lower system please put remark in 
answer) main Treatment System (excluding pipeline/accessories) 
 
6. Approximate cost of an 1000 m3/hr capacity Treatment System. 
Installation cost (US $) :  
Operating cost (US $):  
Retrofitting (US $) :  
7. Type approval of the system. 
IMO type approved 
USCG AMS approved 
IMO + AMS 
IMO + AMS + Applied for USCG type approval 
None of the above 






Assumptions made for calculating common units in operating cost: 
 
The values for operating cost received from the online survey were not in common units 
and therefore certain assumptions were made to calculate and get a common unit. 





















Cost (refer to 













 For Echlor operating cost conversion: 1 US gallon equals to 0.0038 m3 and 1 USD= 
100 cents for converting 1 US cent/gallon to US$/m3. 
 For  HHi Ballast and Wuxi Brightsky operating cost conversion :  
The BWMS was assumed for a container ship of 8500 TEU capacity which has total 
ballast capacity of 25,000 m3 (as per table 5-1)  
 Total ballast water treatment required for such a ship was considered to 50% of the 
total ballast water capacity on an average. 
 Estimate use of treatment system twice a month. 
Calculation   
 HHi Ballast Wuxi Brightsky 
Total  ballast  treated in m3(50% of capacity)  25000/2= 12,500 25000/2= 12,500 
Ballast water treated per year in m3            
( 2 times per month x 12 months in a year) 
12,500 x 24= 300,000 12,500 x 24= 300,00 
Operating cost conversion (US $/ m3) 5000/ 300,000= 0.0167 
Rounded off ~ 0.02 
5330/ 300,000= 0.0178
Rounded off ~ 0.02 
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